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(54) Electrically conductive composition and elements containing solubilized polyaniline 
complex 

(57) Electrically conductive elements, such as 
imaging elements, can be prepared by applying electri- 
cally conductive coating compositions to a suitable sup- 
port The coating compositions include a polyaniline- 
protonic counter-ion complex in a first solvent that has 
certain Hansen solubility parameters, and a film-forming 
binder in a second common coating solvent. The total 
solids in the coating composition is less than or equal to 
10 weight %, and the weight ratio of the binder to the 
complex is at least 1:1. Under these formulation condi- 
tions, the polyaniline protonic counter-ion complex is 
solubilized, rather than being in dispersed form, and is 
readily applied to form a thin, relatively transparent, 
electrically conductive film. Antistatic layers of photo- 
graphic elements can be prepared in this manner. 
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Description 

This invention relates in general to electrically conductive elements including imaging elements, such as photo- 
graphic; electrophotographic-and thermal-imaging elementSrConprising an electrically conductive layer^ More particu- 

5 larly, this Invention relates to imaging elements comprising an electrically conductive layer that is composed of a 
solubilized polyaniiine antistatic agent. This invention also relates to an electrically conductive coating composition use- 
ful In preparing these elements. 

Interest in electrical conductivity has increased in recent years in order to provide electrically conductive layers on 
various articles or elements. Work has intensified with emphasis on polymers having extended configuration in the 

10 backbone chain. One conjugated polymer system currently under considerable investigation include unsubstituted or 
substituted polyanilines, as noted in WO 92/2291 1 . 

Problen^ associated with the formation and discharge of electrostatic charge during tiie manufacture or use of 
imaging elements have been recognized for many years by workers in the imaging arts. The accumulation of charge on 
imaging elements leads to the attraction of dust which can cause defects. Additionally, tiie discharge of accumulated 

75 charge during or after the application of imaging layers, such as photographic emulsion layers, can produce inegular 
fog patterns or * static marks" in the layer, as well as repellency spots and other undesirable defects. The severity of 
static problenns has increased due to new emulsions of increased sensitivity, dramatic inaease in coating speeds and 
post-drying efficiencies. The instances in which static charge can be accumulated and discharged during manufactur- 
ing, packaging, storage, and use are innumerable, and a solution to this problem has been actively sought in the indus- 

20 try for many years. 

It is generally known that electrostatic charge can be dissipated effectively by incorporating one or more electrically 
conductive layers in an imaging element Such antistatic layers can be applied to either or both sides of the element, 
over or under imaging layers, and on the same or different side of the support as the imaging layers. For some applica- 
tions, an antistatic agent can be incorporated into the imaging layer, or into the support, or into both. 

25 The requirements of antistatic layers in silver halide photographic films is especially demanding because of the 
stringent optical requirements. Other types of imaging elements such as photographic papers and thermal imaging ele- 
ments also frequently require the use of an antistatic layer, but the requirements are less stringent. 

Electrically conductive layers are also commonly used in imaging elements for purposes otiier than providing static 
protection. For example, in electrostatogriaphic imaging, it is well known to use innaging elements comprising a support, 

30 an electrically conductive layer that serves as an electrode, and a photoconductive layer that serves as the image-form- 
ing layer. 

A wide variety of materials can be used as antistatic agents in various locations in tiie element. Most of the tradi- 
tional antistatic layers comprise ionic conductors. Thus, charge is transferred in ionic conductors by the bulk diffusion 
of charged species through an electrolyte. TTie prior art describes numerous simple inorganic salts, alkali metal salts or 

35 surfactants, ionic conductive polymers, polymeric electrolytes containing alkali metal salts, colloidal metal sols, metal 
halides mixed in an organic polymer matrix or a matrix of a colloidal inorganic colloid such as silica. CorKluctivity of most 
antistatic agents is generally strongly dependent upon temperature and relative humidity of tiie environment as well as 
the moisture in the antistatic layer. Simple inorganic salts are usually leached out of antistatic layers during processing, 
thereby lessening tiieir effectiveness. 

40 Antistatic layers employing electronic conductors have also been described in the art Because the conductivity 
depends predominantiy upon electronic molalities rather than ionic mobilities, the observed electronic conductivity is 
independent of relative humidity and otiier environmental conditions. Such antistatic layers can contain conjugated pol- 
ymers, metal oxides, doped metal oxides, conductive carbon particles or semi-conductive inorganic particles. While 
such materials are less affected by tiie environment, a lengtiiy milling process is often required to reduce tiie particle 

45 size range of oxides to a level that will provide a transparent antistatic coating needed in most inrBging dements. Addi- 
tionally, the resulting coatings are abrasive to finishing equipment 

It is also known to prepare antistatic layers from electronically conductive polymers. Various polymer dispersions 
have been prepared as "loaded" or sorbed in latex polymers (see US-A-4,237,194). The resulting semiconductor- 
loaded polymer dispersion can then be coated on a variety of photographic supports. However, such layers have a 

50 Slightly green color, and are therefore objectionable for many applications. Moreover, tiiese materials will not survive 
processing with various photographic processing solutions unless they are protected by impermeable overcoats. 

Blends of polyanilines witii other polymers, or polyaniiine dispersions in organic solvents, are described in numer- 
ous references, including WO 89/02155. However, such materials are not useful for photographic elements because 
they provide highly colored coatings, low conductivity or bofli, and have poor solution processibility. Additional art 

55 desaibes colloidal dispersions of polyanilines, but the polymers are generally not soluble in water or common organic 
coating solvents. 

Dispersions of polyaniiine and a protonic acid such as toluenesulfonic add are described in Japanese Kbkai 
02/282245 for use as antistatic conrpositions. Such dispersions can be prepared by mixing a commercially available 
"Conductive Paint" (available from Americhem, Cuyahoga Falls. Ohio) with one or more binder materials (such as 
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polymethyl methacrylate. polyethyl methacrylate. polycarbonates, cellulose esters, polyvinylformai or blends thereof) in 
suitable organic solvents. The formulations, at 2-5% solids, can be coated on conventional polymeric supports to pro- 
vide electrically conductive layers. Moreover, such layers can be overcoated if desired. 
. Jt is also kn<wrLtet orgardc.s^^ 

protonate the polyaniline (see for example. WO 92/20072, WO 92/2291 1, WO 93/05519, WO 93/15510. EP-A-O 545 
729. US-A-4.983.322, and US- A-5. 1 96. 1 44). The solvents or mixtures of solvents described for these materials are not 
generally useful in coating processes used in the preparation of imaging elements either for environmental or cost rea- 
sons. 

Hence, there remains a need for solubilized conductive polyanilines that can be applied to imaging and other types 
of elements directly from water or other acceptable common coating solvents in low coverages to provide effective elec- 
trically conductive layers. 

The problems noted above are overcome with an electrically conductive coating composition characterized as com- 
prising a solution of: 

a) a complex of a polymeric polyaniline and a protonic acid that has a counter-ion that inparts conductivity to the 
composition, 

the complex being dissolved in a first solvent that has a Hansen polar solubility parameter of from 12 1 18 
MPa^'^, and a Hansen hydrogen trending solubility parameter of from 5 to 1 4 MPa^^, and 

b) a film-forming binder dissolved in a second solvent, 

provided that the total solids in the composition is less than or equal to 10 weight %, and the weight ratio of 
the binder to the conplex is at least 9:1 . 

This invention also provides an electrically conductive element comprising a support and having thereon in at least 
one region, an electrically conductive layer formed from application of the electrically conductive coating conposition 
desaibed above, the electrically conductive layer being present on the support at a dry coverage of at least 150 mg/m^. 

Further, an imaging element conprises a support having thereon: 

one or more imaging layers, and 

on the same, opposite or tx>th sides of the support, an electrically conductive layer formed from application of the 
electrically conductive coating composition described above, the electrically conductive layer being present on the 
support in each instance at a dry coverage of at least 1 50 mg/m^. 

The present invention provides an advance in the art with an electrically conductive coating conposition that can 
be applied to various articles or supports out of common coating solvents. The coating conposition conrprises a unique 
combination of a polyaniline protonic acid conplex that is solubilized in a particular first solvent having specific Hansen 
solubility parameters. This solution is then mixed with a conpatible solution of filnrvforming binder in a second solvent 
that is a common coating solvent. With critical percent solids, and binder to polyanjline conplex ratios, the coating com- 
position can be applied directly to the support at a suitable thickness to form highly conductive layers. A wide variety off 
film-forming binders can be used to provide various properties. The dried electrically conductive coating conposition is 
also highly abrasion and process resistant It can be readily used as an undercoat or overcoat and can be overcoated 
itself. In a particularly useful embodiment, the layer can also contain ferromagnetic particles to provide magnetic record- 
ability. 

The electrically conductive elements of tinis invention can be used for many purposes. They can be conductive 
papers, films, fabrics, ceramics, metals, glasses, electrodes and fibers that are useful in a variety of industries. For 
exanple, they can be used in microprocessors, infrared and microwave absorbing shields, conductive bearings, and 
electrically conductive connectors, on floor surfaces, as spray finishings, coated fabrics, antistatic finishes for CRT 
screens, windows and other articles readily apparent to one skilled in the art. Such elements or articles have appropri- 
ate metal, glass, ceramic, plastic, fabric, or paper supports on which one or more of the electrically conductive coatings 
are disposed. 

The elements of the present invention are particularly useful as imaging elements of many types. Such elements 
include photographic, electrostatographic. electrographic. electrophotographic, photothemnographic, migration, electro- 
thermographic, dielectric recording and tiiermal dye transfer imaging elements. Photographic sih^er halide elements are 
prefened. 

The imaging elements of this invention can have any of ttie necessary or optional lay^-s conventionally used in the 
art for tiie various types of elements. 

For exanple, in electrostatography, an image comprising a pattern of electrostatic potential (also referred to as an 
electrostatic latent image) is formed on an insulative surface by any of several methods. For exanple, the electrostatic 
latent image may be formed electrophotographically (that is by imagewise radiation-induced discharge of a uniform 
potential previously formed on a surface of an electrophotographic element conprising at least a photoconductive layer 
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and an electrically-conductive substrate), or it may be formed by dielectric recording (that is by direct electrical forma- 
tion of a pattem of electrostatic potential on a surface of a dielectric material). Typically, the electrostatic latent image is 
then developed into a toner image by contacting the latent image with an electrographic developer Of desired, the latent 
imag e can be transfer r ed to another surfac e before de velopme nt). The resulting toner image can then be fixed in place 
on the surface by application of heat or pressure or other known methods (depending upon the nature of the surface 
and of the toner image) or can be transferred by known means to another surface, to which it then can be similarly fixed. 

In many electrostatographic imaging processes, the surface to which the toner image is intended to be ultimately 
transferred and fixed is the surface of a sheet of plain paper or, when it is desired to view the image by transmitted light 
(for exanple. by projection in an overhead projector), the surface of the transparent film sheet element 

In electrostatographic elements, the electrically conductive layer can be a separate layer, a part of (embedded 
within, or a region thereof) the support layer or comprise the support layer itself. There are many types of conductive 
layers known in the electrostatographic art the most common being metallic laminates (such as an aluminum-paper 
laminate), metal plates (such as aluminum, copper, zinc or brass), metal foils (such as aluminum or zinc foils), vapor 
deposited metal layers (such as silver, aluminum or nickel), semiconductors dispersed in resins such as polyesters as 
described in US-A-3.245,833, and electrically conductive salts such as described in US-A-3.007.801 and US-A- 
3.267,807. 

Thermally processable imaging elements, including films and papers, for producing images by thermal processes 
are well known. These elements include thermographic elements in which the image is formed by imagewise heating 
the element Such elements are described in. for example. Research Disclosure, June 1978. Publication 17029, US-A- 
3,457.075, US-A-3.933. 508 and US-A-3,080,254. 

Photothermographic elements typically comprise an oxidation-reduction image-forming conrbination that contains 
an organic silver salt oxidizing agent preferably a silver salt of a long-chain fatty add, that are resistant to darkening 
upon illumination. Prefaced organic silver salt oxkiizing agents are silver salts of long-chain fatty adds containing 10 to 
30 carbon atoms. 

Further details of photothemiographic elements, and details of migration imaging processes and elements, thermal 
dye transfer elements and systems are well known in the art and are described for exanrple, in US-A-5,340.676 and 
US-A-5,368.995 and references cited therein. 

While the invention is not to be interpreted as so limited, the remainder of tiie detailed description of this invention 
will be directed to the prefen-ed photographic elements. But it woiid be understood that the details of the electrically 
conductive coating connpositions in photographic elements coukJ be readily adapted to other types of elements or arti- 
cles by one skilled in tiie art using tiie teaching provided herein as well as that provided in exlenave literature. 

Photographic elements provided witii an electrically conductive layer according to this invention can differ widely in 
structure and composition. For exarrple. ttiey can vary greatiy with regard to the type of support the number and com- 
position of Image-forming layers, and the kinds of auxiliary layers that are included in the elements. In particular, the 
elements can be still films, motion picture films, x-ray films, graphics arts films, paper prints or microfiche. They can be 
black and white elements (films or papers), color elements (films or papers) adapted for use in negative-positive proc- 
ess, or color films adapted for use in a reversal process. 

A detailed description of such materials is found, for example, in Research Disclosure, pid^Iication 36544. pages 
501-541 (Septenrtber, 1994). This reference will be refened to hereinafter as "Research Disclosure''. 

The elements contemplated in tiie practice of tiiis invention comprise a double-sided, generally flat support that is 
conposed of a material that is inert to water and rmst common organic solvents. Generally, such materials are natural 
or synthetic polymeric films (homogeneous, blends or composites), metals, glasses or cellulosic papers (included resin- 
coated and uncoated papers). Such materials are prepared using conventional materials and procedures. Polymeric 
films and resin-coated papers are the most likely supports used in the practice of tiiis invention. 

Photographic papers are one dass of useful elements, the details of which are provided, for example, in Research 
Disclosure, supra, paragraphs XV(5) & (6) and references noted therein. The paper supports can be subbed or 
unsubbed. and may contain conventional pigments, UV absorbers, sizing agents and other materials readily apparent 
to one skilled in the art 

Thus, the imaging elements of this invention can have any suitable support prepared from a wide variety of mate- 
rials. Representative supports can be prepared from homogeneous materials that include cellulose nitrate, cellulose 
esters, poly(vinyl acetaQ. polyesters of dibasic aromatic carboxyiic acids witii divalent alcohols (such as polyethylene 
terephthalate, poiyetiiylene naphtfialate. poly-1.4-cydohexanedimethylene terephthalate, polyettiylene 1.2-diphenox- 
yetfiane-4,4 '-dicartxjxylate. and polybutylene terephthalate). polyamides, homo- and copolymers of vinyl chloride, poly- 
carbonates, homo- and copolymers of styrene, polyolefins. polyacrylates. polyimides, papers (uncoated and resin- 
coated), glasses, metals, and others well known in the art 

Particularly useful photographic film supports are prepared from polyesters. Poiyetiiylene terephthalate and poiy- 
etiiylene naphttialate are most prefen-ed. 

Polymeric film supports can be prepared using conventional techniques and starting materials, and can contain any 
of the conventional addenda included for various purposes, as described for exanple in Research Disclosure, supra. 
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paragraph XV(8) and references noted therein. They can be transparent or opaque depending upon how they are to be 
used. The supports can be surface treated by various processes including corona discharge, glow discharge. UV expo- 
sure, solvent washing or overcoating with one or more subbing layer materials as |s commonly known in the photo- 
gra phic ar t (such as vin ylidene ch loride co polymers, or glycidyl aaylate or methacr ylate copol ymers). 

The photographic element contains one or more radiation sensitive layers, such as photographic silver halide lay- 
ers, and one or more interlayers. overcoats, subbing layers, antihalation layers, magnetic recording layers, and electri- 
cally conductive layers prepared from the electrically conductive coating compositions described herein in addition to 
conventional electrically conductive coating compositions already known in the art In addition, one or more layers can 
serve dual functions. For example, tiie electrically conductive (or antistatic) layer can also be a magnetic recording 
layer. Still again, the electrically conductive layer can be composed of materials such that it can act as the support as 
well, or be "sandwiched" between the same or different support materials (such as in co-extrusion processes). 

It is also preferred that where tiie support is a polymeric film, the film support is annealed at some point using con- 
ventional annealing techniques. It is also preferred that tine photographic element have multiple photographic silver hal- 
ide emulsion layers, a magnetic recording layer and a lubricant layer over the magnetic recording layer. The electrically 
conductive layer can be in any suitable location in such elements, such as on tine opposite, same or botii sides of tine 
element as the magnetic recording layer or imaging layers. In one embodiment, the magnetic recording layer is over tiie 
electi-ically conductive layer which is directiy or indirectly applied to the support. In another embodiment, the magnetic 
recording layer is underneath the electrically conductive layer. The various possibilities of layer arrangements would be 
readily apparent to one skilled in the photographic arts. 

Thus, in one embodiment of this invention, a photographic element conrprises a photographic f flm support having 
on one side thereof: an antistatic layer formed from an electrically conductive coating composition of this invention and 
a nmagnetic recording layer (in eitiier order on ttie support), and on the otiier side, multiple silver halide emulsion layers 
and one or more overcoats, antihalation layers, subbing layers and interlayers. 

In still another embodiment ttie electrically conductive conrposition can be incorporated into a magnetic recording 
layer on one side of a support of an element having radiation sensitive layers (such as photographic emulsion layers) 
on the otiier side of tfie support. 

The various layers applied to tiie support to form a photographic element are generally well known in ttie art For 
example, the radiation sensitive layers (such as photographic silver halide layers), their conposition and mettiods of for- 
mulation are well known, being desaibed for exanpie, in Research Disclosure, supra and tiie hundreds of references 
described therein. The emulsions in such layers can be composed of silver halides including, silver chloride, silver bro- 
mkJe, sOver bromochloride, silver bromoiodide, silver chlorobromide, silver bromochloroiodide and others readily appar- 
ent to one skilled in tine art. Some useful emulsions are considered tiigh chloride" ennulsions meaning ttnat at least 80 
md % of the silver halide is silver chloride. Otiier useful emulsions contain little or no silver chloride, and thus are pre- 
dominantiy silver bromide or silver bromoiodide emulsions. TTie emulsion grains can have any useful morphology 
including the well known tabular grain morphology". 

The noted Research Dbclosure, supra, also describes useful subbing layers, antihalation layers, interiayers, over- 
coats, coating techniques, dispersion processes, and a wide range of materials, embodiments and preparatory proce- 
dures. 

Formulations for preparing magnetic recording layers are also well known in the art, as described for example in 
US-A-5.395,743 and US-A-5,397.826. 

The magnetic recording layers generally include a dispersion of ferromagnetic partides in a suitable binder. Pref- 
erably, the binder is transparent so tine layer is transparent, but this is not essential. As might be expected, it is highly 
desirable that the magnetic recording layer not only exhibit desired magnetic and photographic performance, but tfnat it 
also be highly durable, abrasion resistant and scratch resistant. 

Suitable ferromagnetic particles would be readily apparent to one skilled in tine art. They include ferromagnetic iron 
oxides (such as y-FegOa or Fe304) with or without cobalt, zinc or otiner metals in solid solution or surface ti-eated. feno- 
magnetic chromium dioxides wittn or wittnout metallic elements or halogen atoms in solid solution. Ferromagnetic metal 
pigments with an oxide coating on tineir surface to inprove tineir chemical stability or to improve dispersibility as is com- 
monly enployed in conventional magnetic recording, may also be used if desired. In addition, magnetic oxides with a 
thicker layer of lower refractive index oxide or other material having a lower optica! scattering cross-section can be used. 
Cobalt doped y-iron oxide is the preferred fen-omagnetic material useful in tine practice of tfnis invention. 

The magnetic recording layer typically contains one or more ti-ansparent binders, dispersants-cobinders. optional 
non-magnetic particulate materials, grind solvents, coating aids, surfactants, crossfinking agents, catalysts, and other 
conventional addenda for such layers. The amounts and proportions of tine various components of such layers are also 
known in ttie art. Generally, annount of magnetic particles in a coating composition of this invention is up to 5%, and from 
2 to 4% is prefen-ed. 

The electrically conductive coating compositions of this invention include a solubilized polyaniline protonic counter- 
ion complex. By "solubilized" is meant ttial ttie complex is present in a continuous phase (that is, dissolved) rattier than 
as a dispersed particulate phase as is common in many prior art corrpositions. 
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Polyanilines are described in considerable detail in WO 92/22911 and US-A-4.983.322 and various references 
cited therein. 

One or more polyanilines are included in the composition of this invention. As used herein, the term "polyaniiine" 
refers generinally to substituted or unsubstituted polyanilines. unless the contex t is cle ar that only one type is meant. In 
general, polyanilines are polymers and copolymers having sufficient molecular weight to exhibit suitable electrical con- 
ductivity, that is having a number average molecular weight of more than 1000 daitons. In general, the polyanilines will 
be of at least 8 repeating units. 

The polymers are derived from one or more substituted or unsubstituted anilines having the structure (I): 



wherein R is the same or different at each occurrence and is an aikyi group, an alkenyl group, an alkoxy group, a 
cydoalkyi group, a cydoalKenyl group, an alkanoyi group, an alkylthio group, an aryloxy group, an alkylthioafkyi group, 
an alkylaryl group, an arylalkyi group, an alkylsulfinyl group, an alkoxyalkyl group, an alkylsulfonyl group, an aryf group, 
an arytthio group, an arylsulfinyl group, an alkoxycarbonyl group, an aryloxycai1x)nyl group, an arylsulfonyl group, car* 
boxy, halo or cyano, or any two R groups, taken together, are an alkylene group or alkehylene group completing a 3- to 
7-membered aromattc or alicyclic ring fused to the central ring of structure I. and having carbon, nitrogea sulfur or oxy- 
9 n atoms or a sulfinyl group, 

m is an integer of from 1 to 5, and 

n is an integer of from 0 to 4, provided that the sum of m and n is 5. 

Without intending to limit the scope of this invention, the size of the various R groups identified at>ove for structure 
I ranges from 1 carix)n atom (such as for alkyi or alkoxy) through 2 or more carbon atoms (such as for alkenyl) up 
through 20 cartx>n atoms, with the total R groups on a given molecule having a total of 40 carbon atoms. The various 
R groups can be unsubstituted or sut>stituted. branched or linear, with various suitable groups that will not interfere with 
the molecule*s properties (such as polymerizability. solubility, ionic nature of connplex). Obviously, one skilled in the art 
would understand which groups can be substituted (such as alkyl. aryl and the like), and which cannot (such as nitro, 
cyano or halo). Representative substituents include halo (chloro or bromo), nitro. cyano, cartx)xy, epoxy, sulfo, aryl and 
otiier monovalent radicals readily apparent to one skilled in the art 

In structure I, m is an integer of from 1 to 5. Preferably, m is 5. Also, n is an integer of from 0 to 4. and preferably, it 
is 0. The sum of m and n is 5 in any case. 

Representative polyanilines useful in the practice of this invention are shown in structures la-Id below: 
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wherein m, n and R are as defined above, except that m is reduced by 1 as a hydrogen is replaced with a covalent bond 
55 in the polymerization, and thus, the sum of m and n is 4. Moreover, in structures la-Id. y is an integer equal to or greater 
than 0, X is an integer equal to or greater than 1 , provided that the sum of x and y is greater than 1 . and z is an integer 
equal to or greater than 1 . 

Representative R groups for the structures identrfied above include alkyi (such as methyl, chloromethyl, sulfome- 
thyl, ethyl, isopropyl. sec-butyl, octyl, benzyl and dodecyl). alkenyl (such as 1-propenyt, 1-butenyl, 1-pentenyI. 2-pente- 
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nyl, 1-hexenyl and 3-hexenyl), alkoxy (such as methoxy. ethoxy. propoxy. butaxy, isopropoxy, pentoxy, nonoxy. ocloxy 
and f-butoxy), aryloxy (such as phenoxy and R-chlorophenoxy). cycloalkenyl (such as cyclohexenyl and cyclopentenyO. 
alkanoyi (such as ethanoyi, propanoyl. butanoyl. pentanoyl and octanoyi), alkylsulfinyl (such as methylsulfinyl. ethylsulfi- 
nyl.Jsoprppylj^lfinyl andben^ phenylsulfinyl and naphthylsujf inyl), ajM^ 

5 methylsulfonyl, ethylsulfonyl, benzylsulfonyl and nonylsulfonyl), aryl (such as phenyl and naphthyl). arylsulfonyl (such 
as phenylsulfonyl, tolylsulfonyl, naphthylsulfonyl), alkylthio (such as methylthio, ethylthio, isopropylthio. f-butylthio, hex- 
ylthio and benzylthio), arylthio (such as phenylthio, xylylthio, phenethylthio and naphthylthio). alkoxycarbonyl (such as 
methoxycarbonyl, ethoxycarbonyl, butoxycarbonyl and isopropoxycarbonyl), cycloalkyi (such as cyclopentyl. 
cydohexyl. 4-methylcyclohexyl and cyclooctyl)» alkoxyalkyi (such as methoxymethylene, ethoxymethyl. butoxymethyi, 

70 propoxyethyi, pentoxybutyl and methoxybenzyl). aryloxycarbonyl (such as phenoxycarbonyl), aryloxyalkyi and ary- 
loxyaryl (such as phenoxyphenyf, phenoxymethylene and xylyloxyethyl), alkylthioalkyl (such as methytthiomethylene), 
alkylaryl (such as B-methylphenyl. xylyl and toluyl), and any of the foregoing groups substituted with one or nhore 
hydroxy, amino, halo, nitro, cyano or ^xy groups. Also, R can be a sulfo or carboxy terminated alkyi or aryl group, such 
as ethylsulfonic acid, propylsulfonic acid, benzylsulfonic acid, benzylcarboxylic acid, phenylsulfonic acid and others 

IS readily apparent to one skilled in the art. 

Also useful as R groups are divalent moieties formed from any two R groups such as moieties of the formula; 

20 wherein r is an integer of from 1 to 5. to complete a 3- to 7- membered aromatic or alicydic ring, such moieties optionally 
having one or more oxygen, nitrogen or sulfur atoms or a sulfinyl group in the chain. In addition, the divalent moieties 
can have one or more unsaturated bonds. 

Prefened for use in the practice of this invention are poiyanilines of the structures la-Id noted above wherein: 

25 m is 3 to 5 and n is 0 to 2 provided that their sum is equal to five. 

R is a siijstituted or unsubstituted alkyl or alkoxy group having from 1 to 12 carbon atoms, cyano. halo or an alkyI 
group substituted with one or more sulfo or carboxy groups, 
x is an integer equal to or greater than 1 , 

y is an integer equal to or greater than 0. provided that the sum of x and y is greater than 4. and 
30 z is an integer equal to or greater than 5. 

More prefened are the poiyanilines of the noted structures la-Id in which: 

m is an integer of 3 to 5, n is 0 to 2 provided that their sum is 5. 
35 R is a substituted or unsubstituted alkyl or alkoxy group having from 1 to 4 carbon atoms, or an alkyl group sufcTSti- 
tuted with caitx)xy or sulfo groups. 
X is an integer equal to or greater than 1 , 

y is an integer equal to or greater than 0. provided that the sum of x and y is greater than 6. and 
z is an integer equal to or greater than 1 0. 

40 

Most prefened embodiments are those in which m is 4 or 5, n is 0 or 1 , R is a substituted or unsubstituted alkyl or 
alkoxy group of 1 to 4 carbon atoms, x is an integer equal to or greater than 2, y is an integer equal to or greater than 
1 . provided that the sum of x and y is greater than 8. and z is an integer equal to or greater than 15. 

Useful substituted and unsubstituted anilines used to prepare the poiyanilines include aniline, o-toluidine, /n-tolui- 

45 dine. o-ethy!aniline, m-ethylaniline. o-ethoxyaniline. m-butylaniline, m-hexylaniline. m-octyianiline, 4-bromoaniline, 2- 
bromoaniline. 3-bromoaniIine. 3-acetamidoaniline. 4-acetamidoaniiine, 5-chloro-2-methoxyaniline, 5-chloro-2-ethoxy- 
aniline, 2,5-dimethylaniline, 2,3-dimethylaniline. 2,5-dibutylaniline, 2,5-dimethoxyaniline, tetrahydronaphthylamine. o- 
cyanoaniline. 2-thiomethylaniline, 3-(n-butanesulfonic acid)aniline. 2.4-dimethoxyaniline. 4-mercaptoaniline. 4-methyl- 
thioaniline. 3-phenoxyani!ine and 4-phenoxyaniline. Aniline is most preferred. 

50 Any form of the poiyanilines can be conveniently used in the practice of this invention. Illustrative useful forms are 
those described in Green and others J.Chem.Soc., IflL 1117 (1912) and Kobayaha and others, lEIectroanal.Chem,, 
177. 281-91 (1984). For example, the leucoemeraldine, protoemeraldine, emeraldine. nigraniline and toluprotoemeral- 
dine forms can be used. 

Useful poiyanilines can be prepared using chemical and electrochemical synthetic procedures, both procedures 
55 presently known as well as those discovered in the future. For example, one form of polyaniline having at least 160 
repeating units can be prepared by treating aniline with ammonium persulfate in excess hydrogen chloride. This pow- 
dered form of polyaniline is blue green in color. Green and others describes other procedures for preparing various 
chemical forms of polyaniline. Synthetic procedures are also described in US-A-4.983.322 and WO 92/2291 1. 

Useful forms of polyaniline can also be prepared by electrochemical oxidation of aniline in aqueous fluoroboric acid 
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electrolyte on a platinum foil anode, or by vapor deposition of emeraldine base and subsequent exposure to an oxidizing 
dopant (protonic add, defined below), described for example, by Dillingham and others, J. Vacuum Sci.& Tech, A, 1£(4), 
pages 2435-2440 (1994). 

A-second essential-conponent-Gf-the^lubilized-polyaniline Gorr^ 
the art as a '*protonoic acid" or "oxidizing dopant" that protonates the polyaniline to form a charge transfer complex hav- 
ing an electrical conductivity equal to or greater than 1 x 10"^/ohm-cm (or a surface resistivity of at most 1 x 10® 
ohms/square in coated form). Preferred protonic acids form conplexes having an electrical conductivity of at least 1 x 
10'^/ohm-cm (surface resistivity of at most 1x10^ ohms/square in coated form), and the most preferred complexes 
have an electrical conductivity of at least 1 x 10'Vohm-cm (at most 10 ohms/square surface resistivity). 

Protonic acids are well known in the art, as described for exanple. in US-A-4,983,322, WO 92^2911 and WO 
93/1 551 0 and references cited therein. They may display absoibance in the spectral range of from 200 to 800 nm, but 
preferably, they are colorless. A mixture of protonic acids can be used if desired. 

Moreover, it is preferred that the protonic add be 'lunctionalized" meaning that it is soluble with or miscible in (as 
opposed to merely dispersible in) the first and second solvents and film-forming binders defined in more detail herein- 
below. 

In general, the protonic adds useful herein have any of the structures II: A-R** 



wherein A is sulfonic acid (or sulfo). 

R** is an alky! group, an alkenyl group, an alkoxy group, a cydoalkyi group, a cydoalkenyl group, an alkanoyi group, 
an alkylthio group, an aryioxy group, an alkylthioalkyi group, an alkylaryl group, an arylalkyi group, an alkylsulfiryl group, 
an alkoxyalkyi group, an all^lsutfbnyi group, an aryl group, an arylthio group, an arylsulfinyl group, an alkoxycarbonyl 
group, an aryloxycarbonyi group, an arylsulfonyl group, carboxy, halo or cyano, or a 3- to 7-membered heterocyclic ring 
having carbon and one or more nitrogen, sulfur or oxygen atoms (3 to 7 total atoms) in the ring nudeus. Each of the 
aliphatic groups can have up to 20 cart>on atoms, can be branched or linear and may have one or more double tx)nds. 
The heterocyclic rings can be, fa example, pyrolyl, furanyl or pyridinyl rings. Any of these groups can have one or more 
sulfo. carboxy, cyano, nitro, halo, diazo or epoxy substituents. 

Alternatively, can be a polymeric backtwne from which depend a plurality of sulfo groups "A". Examples of pol- 
ymeric adds include sulfonated polystyrene, sulfonated polyethylene and others readily apparent to one skilled in the 
art. In sudi cases, the polymer backbone can be selected to have solubility in given binders and/or solvents. 

R^ is the same or different at each occun-ence and is an alkyi group, an alkenyl group, an alkoxy group, a cydoalkyi 
group, a cydoalkenyl group, an alkanoyi group, an alkylthio group, an aryioxy group, an alkythioalkyi group, an alkylaryl 
group, an arylalkyi group, an alkylsulfinyl group, an alkoxyalkyi group, an alkylsuHbnyl group, an aryl group, an arylthio 
group, an arylsulfinyl group, an aikoxycartx)nyl group, an aryloxycarbonyi group, an aryloxycartjonyl group, an arylsul- 
fonyl group, caiboxy. halo, oxo or cyano 

Additionally. R^ can be a divalent aliphatic group bonded to two different nonadjacent cartx)n atoms of the central 
ring to conplete an aromatic or alicyclic ring fused to the central ring of structure III or IV, and having cart)on, nitrogen, 
sulfur or oxygen atoms or a sulfinyl group. For example, R^ be propylene bonded to the opposing carbon atoms of the 



III: 




or 



IV: 
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ring through the middle cartx)n atom, to form a carrphene ring. 

generally has from 1 to 20 carbon atoms, and can be branched, linear, saturated or unsaturated as one skilled 
in the art would understand for a given aliphatic group. preferably has from 3 to 20 carbon atoms, and more prefer- 
abIy-rt.hasAonfi^Jo2(Lcarbon atoDK,.as.welLas,opio^ 
one or more sulfo. carboxy. halo, cyano, nitro, diazo or epoxy groups. 

R* is an alkylene group of 1 to 10 carbon atoms (branched or linear) and can be substituted as described above. 
Preferably, R' is methylene or ethylene. Also, t is 0 or 1 . 

In structures III and !V above (where appropriate), p is an integer of from 1 to 5, and q is an integer of from 0 to 4, 
provided that the sum of p arxi q is 5 (in structure III), f^ore preferably, p is from 2 to 4. and q is 1 or 2. 

In prefen-ed entoodiments relating to structures II, III and IV. A is sulfonic acid, R"* is an alkyi group, an alkenyl 
group, an alkoxy group, an alkanoyi group, ah alkylthioalkyi group, each having from 5 to 16 carbon atoms, or an alky- 
laryl group, an arylalkyi group, an alkylsulfinyl group, an alkoxyalkyi group, an alkylsulfonyl group, an alkoxylcarbonyl 
group, or cartjoxy wherein the alkyI or alkoxy group has from 1 to 20 carbon atoms (more preferably from 3 to 20 cart>on 
atoms), or an alky! group having 3 to 20 carbon atoms having one or more suHb, carboxy, halo, nitre, cyano, diazo or 
epoxy substituents. is the same or different at each occun-ence and is an alkyI group, an alkenyl group, an alkoxy 
group, an arylalkyi group, an alkylsulfonyl group, an alkoxycartonyl group or a carboxy group having from 3 to 20 carbon 
atoms, 0X0 or an alkyI group substituted with one or more cartxjxy, halo, diazo or epoxy groups, or R^ is a divalent 3- to 
5-membered hydrocarbon group bonded to two different, nonadjacent carlx)n atoms of the central ring to form an aro- 
matic or alicyclic fused carbon ring or multiples thereof with the central ring. 

Particularly preferred protonic acids are those of structure 111 or IV (where appropriate) wherein p is an integer of 0 
to 4 and q is an integer of 1 to 3 provided that the sum of p and q is 5 (structure III), R^ alkyI, alkenyl or alkoxy as defined 
above having from 6 to 1 4 carbon atoms, or arylalkyi as defined above wherein the alkyI portion has from 4 to 1 4 carbon 
atoms, or an alkyI group having from 6 to 14 cartwn atoms substituted with one or more carboxy, halo, diazo or epoxy 
groups. R^ is the same or different at each occurrence and is alkyl. alkoxy or alkylsulfonyl as defined above having from 
4 to 14 carbon atoms, or an alkyl group substituted with one or more halo groups, oxo, or a divalent 1- to 3-membered 
hydrocarbon forming a fused ring with the central ring in structure III or IV. 

Representative useful protonic acids include 4-dodecylben2enesulfonic acid, 10-canphorsulfonic acid (L. D or L,D 
mixtures), methanesulfonic acid. ethanesuHonic acid, hexanesulfonic add, octanesulfonic acid, trifluoromethanesul- 
fonic add, CsFij-suHonic acid. 3-hydroxypropanesulfbnic acid, trichlorobenzenesuifonic acid, 2-hydroxy-4-methoxy- 
benzophenonesulfonic acid, dioctylsutfosucdnate. p-toluenesulfonic acid, 4-ethylbenzenesulfonic acid, /n-xylene-4- 
sulfbnic acid, m-nitrobenzenesulfonic acid, o-anisidine-5-sulfonic acid, 4-morpholineethanesulfonic acid, p-chloroben- 
zenesulfonic acid, p-hydroxybehzenesuKonic acid. 4-nitrotoIuene-2-sulfonic acid, dinonylnaphthalenesulfbnic acid, 3- 
pyrklinesulfonic acki. and p-polystyrenesulfonic add. 10-Camphorsulfonic add (single isomers or the racemic mixture) 
is the most preferred protonic acid because tt solubilizes the polyaniline well in the preferred binders and solvents 
described below. 

The amount of protonic acid used with the polyaniline can vary depending upon the degree of conductivity desired 
for a given use. In general, suff ident amounts are used to provide a complex having an electrical conductivity of at least 
10"^/ohnvcm, Stated another way. the amount of protonic acid is generally suffident to provide at least one proton for 
every two repeating units of aniline in the polyaniline. or to protonate 50% of the nitrogens in the polyaniline. The more 
protonic acid used, generally the higher the conductivity. 

The polyaniline-protonic acid complex is dissolved or solubilized in a first solvent which is defined by the well known 
Hansen solubility parameters. These parameters are described, for exanple. in Brandrup & Immergut (Eds.), Polvmer 
Handbook. 3rd Edition, John Wiley & Sons, 1989, Section VIL Specifically, this solvent (or mixture thereoQ has a 
Hansen polar solubility parameter in the range of from 12 to 18 MPa^^, and preferably in the range of from 13 to 17 
MPa""^. Also, the solvent or mixture thereof has a Hansen hydrogen bonding solubility parameter of from 5 to 14 
MPa^^, and preferably from 6 to 13 MPA^^. The value of these parameters for a given solvent or mixture of solvents 
can be readily determined by consulting suitable reference works, or by confining weighted mole fractions to calculate 
average solubility parameters for solvent mixtures. 

Particularly useful first solvents or mixtures thereof, include dimethylsulfoxide, a blerxJ of y-butyrolactone and a 
lower alcohol (such as methanol, ethanol or butanol), a blend of propylene cartx)nate or ethylene cartjonate and a lower 
alcohol (as noted above), a blend of propylene cart>onate, ethylene carbonate and a lower alcohol (as noted above), N- 
methylpyn-olidone, or any mixtures of these solvents. In the blends, the noted solvents are present in any suitable weight 
ratio as bng as the average Hansen solubility parameters are within the noted ranges. For example, some of the indi- 
vidual solvents of the blends have solubility parameters outside the noted ranges, but the average solubility parameters 
of their blends are within the ranges. 

Preferred first solvents used in this invention are dimethylsulfoxide. a 50:50 to 95:5 Wend (by weight) of y-butyrol- 
actone with methanol or ethanol. a 50:50 to 95:5 blend (by weight) of propylene carbonate with methanol or ethanol, a 
50:50 to 80:20 blend (by weight) of ethylene carbonate with methanol or ethianol, and N-methylpyrrolidona Most pre- 
ferred are dimethylsulfoxide and N-methylpyrrolidone. A preferred blend is 66:34 weight ratio of etf^ene cartx)nate and 
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methanol. 

The complex of polyaniline and protonic acid is generally dissolved in the first solvent in an amount of up to 2% sol- 
ids, and preferably at from 0.5 to 1% solids. The actual amount is dependent upon many factors including the method 
of making-the polymer~(for-example. /n s//u),-the specific polyaniline, p 

5 One or more film-forming binders are included in the compositions of this invention. These materials are generally 
polymeric or colloidal materials that can be cast to form thin, freestanding films or extruded into films that are coherent 
and retain their shape, and preferably are not brittle when bent 

A wide variety of film-forming binders are useful as one skilled in the art would readily appredate. Thus, the mate- 
rials listed herein are representative only, and not meant to be limiting in any way. Blends of binders can also be used. 

10 Examples include methyl or ethyl methacrylate homo- and copolymers, ethyl nriethacrylate homo- and copolymers, pol- 
yvinyl acetate, styrene-olefin copolymers (such as styrene-butadiene, styrene-ethylene and styrene-propylene copoly- 
mers of various weight ratios), polyurethanes, polyvinyl formal, polyvinyl butyral, polycarbonates, cellulose esters (such 
as cellulose diacetate. cellulose triacetate and mixtures thereof), acrylamide homo- and copolymers, cellulose ethers, 
fluorinated ethyl vinyl ether polymers, vinyl pyn-olidone homo- and copolymers, ionic polyesters, ionic acrylonitrile-vinyli- 

15 dene chloride polymers, metl^cellulose. cellulose nitrate, gelatin (including alkali- or add-treated gelatins), gelatin 
derivatives (such as acetylated gelatin and phthalated gelatin), polysaccharides (such as dextran, gum arabic and 
zein), or gelatin-like synthetic polymers [such as those described in Research Disclosure, supra, paragraph 11(A) and 
references cited therein], and US-A-3,615.624, US-A-4,31 5,072, US-A-4.71 3,320. US-A-4.942,120 and US-A- 
4,990.440. 

20 Prefened film-forming binders include methyl and ethyl methacrylate homo- and copolymers, cellulose esters (such 
as a blend of cellulose diacetate and cellulose triacetate), polycaibonates and polyvinyl formal. The mettiyl methacr- 
ylate polymers are most preferred. 

The film-forming binder is dissolved in a second solvent which can be a single component or a mixture of miscible 
solvents. In some instances, the second solvent is the same as the first solvent defined above. In most instances, how- 

25 ever, the first and secorxi solvents are different. In such cases, useful second solvents include water, dichloromethan 
(or other chlorinated solvents such as 1 ,1.1-trichloromethane and chloroform), a lower alcohol (such as methanol, eth- 
anol or butanol), acetone, metiiylacetoacetate, glycol etiiers or a mixture of any of these solvents (such as a mixture of 
dichloromethane. acetone and metfiylacetoacetate). Preferred second solvents are water, dichloromethane (or other 
chloronated solvents). Most prefen^ed is dichloromethane. 

30 The amount of film-forming binder in the second solvent can vary widely depending upon the solvent. birxJer and 
other requirements of a given composition. Generally, however, the binder is present in an anrount of less than 5 weight 
percent, with from 1 to 4 weight percent being preferred. 

The composition of this invention can be prepared by mixing the first sdvent containing the polyaniline-protonic 
acid conplex with the second solvent containing tiie film-forming binder. In the situations where the two solvents are 

35 the same, either the complex or binder can be added to the otiier in the desired proportions. 

The conrposition can contain otiier materials besides those noted abova For example, it can contain coating aids, 
surfactants, biocides. dyes (such as antihalation dyes), dispersing aids, lubricants, wetting aids, matte particles, pig- 
ments, hardeners, and other materials, in amounts readily apparent to one skilled in the art Preferably, tiie conrposition 
also indudes uniformly dispersed tfierein, ferromagnetic particles in an amount of up to 5% of the total solids. 

40 The coating conposition of this invention contains a limited amount of all solids (botfi necessary and optional com- 
ponents). Generally, tiie amount of solids is less than or equal to 1 0% virith at least 90% of that annount being contributed 
by the film-forming binder and polyaniline-protonic acid conplex defined herein. Preferably, tiie total solicfe is from 0.1 
to 6 weight %. and from 1 to 4 weight % is more preferred. 

The weight ratio of the film-forming binder to ttie polyaniline-protonic acid complex can vary widely depending upon 

45 the type of material used as the support Generally, it is at least 1 :1. For example, when a polyester is used as the sup- 
port material, the weight ratio is at least 9:1 , and preferably, it is from 1 0:1 to 99:1 . When a cellulose ester (such as cel- 
lulose acetate) is used as the support material, the ratio can be as low as 1 :1 . and preferably from 2:1 to 99:1 . 

Where the first and secorxj solvents are different the weight ratio of the second solvent to the first sdvent is at least 
5:1, and more prefa-aWy, it is from 7:1 to 19:1. 

50 A most prefen-ed electrically conductive coating composition of ttiis invention indudes unsubstituted polyanilin , 
10-canphorsulfonic acid (either or both stereoisomers) as tiie protonic acid to form tiie complex, dimethylsuffoxide as 
the first solvent, dichloromethane as the second solvent and polymetiiyl mettiacrylate as the filnrvforming binder. This 
composition has from 1 to 4% solids, the ratio of second solvent to first solvent is from 7:1 to 1 9:1 , and ttie weight ratio 
of tiie binder to tiie conplex is from 19:1 to 99:1. 

55 To form tiie electrically conductive or imaging elements descrtoed above, tiie eledrically conductive coating com- 
position is applied to a suitable support in any suitable manner (such as by hand or machine coating techniques or 
extrusion), and dried to remove tiie solvents. Coating techniques are well known and indude skim pan/air knife coating, 
roller coating, gravure coating, curtain coating, bead coating or slide hopper coating techniques. 

The dry coverage of the resulting layer is at least 0.15 g/rr?, and is preferably from 0.5 to 2 g/m^, in each instance 
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(that is. each layer). The composition can be applied to the support in various configurations depending upon the 
requirennents of the specific elements. It can be applied to form, a uniform coating, or it can be applied in regions such 
as stripes, dots, patterns and the like. It can be applied directly to the support, or on a support already having interme- 
diate !ayers,_The e lectr ically c onductive layer can also be o v ercoated with one or more layers, as described above. 

5 In the instance of preparing photographic elements, the electrically conductive coating conrposition can be applied 
.to a polymeric f flm support during support manufacture after the polymer has been oriented to form an antistatic layer. 
The composition can also be applied as a subbing layer on the sensitized emulsion side of the support on the opposite 
side, or on both sides. Alternatively, the antistatic layer can be part of a multi-conponent curl control layer on the sup- 
port opposite the photographic emulsion layers. 
10 In the case of photographic elements for direct or indirect x-ray applications, the antistatic layer can be applied as 
a subbing layer on 3ther or both sides of the film support. In one type of photographic element, the antistatic subbing 
layer is applied to only one side of the support and the photographic enuilsion layer(s) are applied to both sides of the 
support. In another type of element an emulsion layer is on only one side of the support and a pellold containing gelatin 
layer is on the other side of the support. The antistatic layer can be applied under either or both of those layers. Addl- 
es tional optional layers can also be present In still another embodiment for x-ray applications, the antistatic subbing layer 
can be applied either under or over a gelatin-containing subbing layer containing an antihalation dye or pigment. Alter- 
natively, both antihalation and antistatic functions can be contained in a single layer containing the polyaniline-protonic 
complex and binder as defined above, as well as an antihalation dye or pigment 
In the following examples, unless othenvise indicated, percentages are by weight. 

2a 

Materials and Methods for Examples: 

Multistep Preparation off Canphor Sulfonic Add Solubilized Polvaniline 

25 A solution of ammonium persulfate (1 1 .5 g, 0.0504 moQ dissolved In hydrochloric acid (1 molar, 200 ml) was added 
to a solution (20 ml) of aniline (0.0219 mol) dissolved in hydrochloride add (1 molar, 300 ml). Both solutions were pre- 
cooled to 0 ^'C and the temperature was then held at 0-5 during the addition and for a period of 2 hours aftenvard 
while the reaction mixture was stirred. The resulting product (emeraldine hydrochloride) was filtered from the reaction 
medium and washed with hydrochloric acid (1 molar. 500 ml). The resulting wet filter cake was suspended in ammo- 

30 nium hydroxide (0.1 molar, 500 ml), and stinred at room tenperature for 24 hours. The pH of the solution was checked 
periodically and adjusted with concentrated ammonium hydroxide to keep it al>ove 8. After 24 hours, the reaction prod- 
uct was filtered and resuspended in ammonium hydroxide (0.1 molar, 500 ml), and the solution was stirred for 1 hour. 
The reaction product was filtered, and the resulting filter cake was washed with water (500 ml) and acetone (250 ml), 
and air dried. The dried material was then oven dried at 80 °C for 14 hours. The yield was 3.2 g of emeraldine base. 

35 Emeraldine base (1 g) was added to a solution (40 ml) of 10-canphorsulfonic add (5 g) in 1-methoxy-2-propanoI 
(available as DOWANOL PM from Dow Chemical Co.). The resulting mixture was heated at 60-70 ''C for 20 hours, 
cooled and filtered to yield 1 .6 g of camphorsulfonic acid solubilized polyaniline as a dark green powder. 

One-Step Pr^qr^tipn pf CqmphorsuHonic Acid Solubilized Poly^nilinQ 

40 

Aniline (1 .5 ml) was added to a solution of 10-canphorsulfoniaacid (8.82 g) in water (40 ml). Ammonium persulfate 
(0.88 g) was added to the sdution and reaction mixture was stirred at room tenrperature for 2 hours. The reaction prod- 
uct was filtered and washed with water, and the filter cake was vacuum dried to yield 0.63 g of canphorsutfonic acid 
solubilized polyaniline as a dark green powder. 

45 

Preparation Using Commercial Polyaniline 

A sanple of VERSICON™ polyaniline (5 g. Allied Signal) was suspended in ammonium hydroxide (0.1 molar, 1000 
ml). The suspension was stirred at room tenperature for 24 hours. The resulting reaction product was then filtered, and 
50 the filter cake was washed with water (250 ml) and air dried to yield 3.25 g of dark blue powder. 

The powder was then added to a solution of 10-carrphorsulfonic acid (16.2 g) in 1-methoxy-2-propanol (130 ml). 
The reaction mixture was stinred at 70 *C for 24 hours, and cooled. The reaction product was filtered, and the filter cake 
was then washed with 1-methoxy-2-propanol (250 ml), and over dried at 60 ""C to yield 4.5 g of canrphorsulfonic acid 
solubilized polyaniline as a dark green powder. 

55 

Binders Used in Coatings 

Several binder materials were used in the various exanrples described below. These binder materials are listed in 
Table I below. 
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TABLE I 



POLYMER BINDER 


COMPOSITION/SOURCE 


P-1 


Poly(methyl methacrylate), ICI ELVACITE 2041 


P-2 


Poly{methyl methacylate), ICI ELVACITE 2010 


P-3 


Poly(ethyl methacrylate), ICI ELVACITE 2042 


P-4 


Polyvinyl formal. Chisso Corporation VINYLEC E 


P-5 


Polyvinyl butyral, Monsanto Co. BUTVAR 76 


P-6 


Fluoroethylene vinyl ether copolymer. Asahi Glass Co. LF710F 


P-7 


Polycarbonate. Scientific Polymer Products 


P-8 


r^plllilncp HiACotafo Poctman r^hami/^le f^n f^A ooo o 
Vi/ciiuiuoc uiaLrclolo. Cooliiian onemJColS OO. UA OSO'O 


P-9 


ruiy ^vii i/i pyiiU'WUiie^, OuleilUIlO rUiymw r rOQUCTS *fUKLI 


P-10 


PnlvPQtPr innnmpr riicnprcinn Poctnhan OKami/^ai^ r*r\ A^onrt 


P-11 


r \jiy \aM yixji Hu ufs^x^rvinytiuviw Ol llUf lUc-CO-gCi yllC aClu/ laieX Qf^erStOn, in-nOUS6 


P-12 


Poly(acrylonitrile-OT-vinylidene chloride-co-trlmethylammonium ethylmethacryiate 
methosuHate) latex dispersion, in-house 


P-13 


Methylcellulose, Dow Chemical 


P-14 


Hydroxypropyl methylcellulose, Dow Chemical 


P-15 


Gelatin 


P-16 


Cellulose nitrate 40-60 SNPE 



Examples 1-7: Preparatfon of Various ElectricaIN Conductive Elements 

Several elements of this invention were prepared to evaluate the usefulness of various binders in the electrically 
conductive coating composition. 

Ail elements were pr^red by applying the electrically conductive coating conrposltions to oriented polyethylene 
terephtfialate film supports (0.01 cm thickness) on which had been coated a conventional subbing layer of poly(acrylo- 
nitrile-co-vinylidene chloride-CQ-acrylic acid). The total layer coverage was 65 mg/ft^ (702 mg/nV^). 

Each coating composition comprised 1% solids. 7.5% of which was a solubilized complex of polyaniline and cam- 
phorsulfonic acid for Examples 1 -6 ( 1 0% for Exanrple 7). The rest of the solids were binder. The complex was dissolved 
in dlmetiiylsulfoxide while \he second coating solvent was dichloromethane, used at a weight ratio of dichloromethane 
to dimethylsulfoxide d 88:1 2. 

The water electrode resistivity of the coated layer was measured by applying 200 volts (direct current) across a 
sample of the element having a specified geometry between two electrodes consisting of a salt water solution. The 
resistivity measurements were converted to sheet resistivity. Measurement of surface electrode resistivity was recorded 
using a Trek Model 150 surface resistivity meter (Trek, Inc.. Medina, N.Y) in accordance with ASTM standard 0257-78. 
In all cases, tiie surface and water electrode resistivity measurements were in agreement The water electrode resistiv- 
ities pog(resistivity) in ohms/square], the binders used in tiie coating compositions and coating appearance are listed 
in Table II below. 
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TABLE II 



-EXAMPLE- 


BINDER 


APPEARANCE 


RESISTIVITy 


1 


P-2 


dear, light green 


>13 


2 


P-3 


hazy, slightly mottled, bluish-green 


8.8 


3 


P-4 


clear, green 


8.4 


4 


P-5 


hazy, light green 


9.2 


5 


P-7 


clear, green 


7.5 


6 


P-8 


clear, green 


7.9 


7 


P-6 


slightly hazy, green 


7.6 



Examples 8-16: Electrlcailv Conductive Elements Prepared Using Various Solvents 



In these examples, the electrically conductive coating compositions of this invention were prepared using various 
20 solvent combinations. In other respects, the compositions were like those described for Examples 1-6. The elements 
were prepared as described in those examples. 

Table III lists the binders and solvents used, as well as the resulting surface resistivities (determined as described 
above). In the * Solvents" column, the first listed solvent is the binder solvent and the second listed solvent (or blend) 
is that for the polyaniline camphorsulfbnic acid complex. 

25 



TABLE ill 



Example 


Binder 


Solvents (weight ratio) 


Resistivity (log 
ohms/square) 


8 


P-7 


Dichloromethane:dimethylsulfoxide (88:1 2) 


7.8 


9 


P.7 


Dichloromethaneblend of ethylene carbonate & methanol (88:4:6) 


8.6 


10 


P-8 


Dichloromethane & methanol blend: dimethylsulfoxide (80:8:12) 


7.9 


11 


P-8 


Dichloromethane & methanol blend: methanol & ethylene carbon- 
ate blend (80:8:4:8) 


9.4 


12 


P-8 


Dichloromethane & methanol Wend: methanol &r-butyrolactone 
blend (80:8:2:10) 


9.9 


13 


P-8 


dichloromethane & acetone blend: dimethylsulfoxide (40:48:12) 


>13 


14 


P-4 


dichloromethane:dimethylsulfoxlde (88:12) 


8.5 


15 


P-4 


dichtoromethanet>lend of methanol & ethylene carbonate (88:5:7) 


8.8 


^6 


P-4 


dichloromethane :blend of methanol &y-txjtyrolactone (882:10) 


>13 



Examples 17-22: Electrically Conductive Elements Formed Using Water As Coatina Solvent 

50 

These elements were prepared similarly to those described in Examples 1-6. The electrically conductive coating 
compositions comprised a polyaniline camphorsulfonic add complex, and various binders. The percent solids was 1%, 
7.5% of which was the complex. The dry coverage of the coating connposition was 30 mg/ft^ (324 mg/m^. Table IV 
below shows the surface resistivity of the various elements, the various binders and solvents used (first solvent is the 
55 binder solvent, and second solvent or blend of solvents is for the complex). 
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TABLE IV 



. Exdmpl 




oOl vents (weignt ratio) 


-ReslsBvity-(log- 
ohms/square) 


17 


P-12 


Water iblend of methanol & y-butyrolactone (88:2:10) 


9.3 


18 


P-11 


Wateri)lend of methanol & ethylene cartxjnate (88:4.8:7.2) 


>13 


19 


P-10 


Water :blend of methanol & y-butyrolactone (88:2:10) 


>13 


20 


P-9 


i» 


10.9 


21 


P-9 


Waterttlend of methanol & ethylene caitonate (88:4.8:7.2) 


9 


22 


P-9 


Water:dimethyl- suKoxide (88:1 2) 


9.8 



Example 23: Evaluation of Electrically Conductive Elements 

Several of the elements prepared as described at>ove were evaluated for their resistance to processing with strong 
acids or bases, such as may occur in conventional photographic processing methods. Specifically, either of two conven- 
tional processing protocols were used: (1) Eastman Color Print Process used to process conventional motion picture 
print films, and (2) Process C-41 used to process conventional color negative films. Table V describes the results, that 
is, the change in surface electrical conductivity pog(resistivity) in ohms/square] with such processing. 



TABLE V 



Element (Example) 


Resistivity Before 
Processing 


Resistivity After 
Processing 


2 


8.8 


11.7 


5 


9.2 


>14 


7 


7.6 


10.1 


8 


7.8 


8.5 


10 


7.9 


9.2 


14 


8.5 


8.5 


15 


8.8 


10.2 


17 


9.3 


>14 


22 


9.8 


>14 



Examples 24-25: Electricaiiy Conductive Elements Using Acetate Supports 

Two electrically conductive coating conrpositions of this Invention were prepared as described in Examples 1-6 
above using two different binders. The percent solids for these examples were 0. 15% (Example 24) and 0.2% (Example 
25) with the solubilized polyaniline camphorsulfonic acid complex representing 33% of the solids for Example 24 and 
50% of the solids for Example 25. The overall coating coverage on the cellulose acetate supports was 3-4 mg/ft^ (32- 
43 mg/m^) for Example 24, and 5-6 mg^^ (53-65 mg/m^) for Example 25. Table VI below shows the surface resistivity 
[log(resistivity) in ohms/square] results for the elements. 



TABLE VI 



Element (Example) 


Binder 


Appearance 


Resistivity 


24 


P-16 


Clear, light green 


8.9 


25 


P-8 


M 


8.5 
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Examples 26-29: Electrically Conductive Ele ments Having Magnetic Recording Layers 

These examples demonstrate the incorporation of several embodiments of antistatic compositions of this invention 
into magnetic-recordingJayers-Of elements... : , . 

The antistatic compositions were prepared by dissolving polyaniline and camphorsulfonic acid in a suitable solvent 
or solvent blend as described in previous examples. This solution was then added to a 4% solution of a blend of binders 
(cellulose diacetate arxJ cellulose triacetate at 93:7 weight ratio) in a mixture of solvents, dichloromethane, acetone and 
methylacetoacetate (7025:5). Particles of an intermediate magnetic oxide (cobalt doped y-iron oxide) were added to 
the resulting solution along with conventional surfactants, coating aids and additives. The final solids of the resulting dis- 
persion was 2,7%. The antistatic composition conprised 7.2% of the total solids. 

The dispersions were machine coated onto a conventional subbed polyethylene terephthalate support to provide a 
single antistatic/magnetic recording layer having a final dry coverage of 115-125 mg/Ft^ (1.24-1.35 g/m^. The dry cov- 
erage of antistatic composition in this layer was 8-1 0 vngfff (86.4-108 mg/m^). 

The surface electrode resistivity and water electrode resistivity of each sample were measured in the same manner 
as described in Examples 1 -7 above and reported as log(resistivity) in ohms/square in Table VII below. 



TABLE VII 



Example 


Solvents (weight ratio) 


Coating Quality 


Resistivity 


26 


Rrst blend*: dimethylsuKbxide (73:27) 


Fair 


8.3 


27 


Rrsl blend*: blend of ethylene carbonate & methanol (73:18:9) 


Good 


8.0 


28 


Rrst blend*: Blend of rbutyrolactone & methanol (73:23:4) 


Good 


10.0 


29 


Rrst blend*: Blend of propylene carbonate & methanol (73:19:8) 


Good 


8.8 



* First blend was a 70:25:5 mixture of dichloromethane. acetone and methylacetonacetale. 



Claims 

1. An electrically conductive coating composition characterized as comprising a solution of: 

a) a complex of a polymeric polyaniline and a protonic acid that has a counter-ion that imparts conductivity to 
the composition, 

the complex being dissolved In a first solvent, that has a Hansen polar solubility parameter of from 1 2 to 
18 MPa'*'^. and a Hansen hydrogen bonding solubility parameter of from 5 to 14 MPa"*^, and 

b) a film-forming binder dissolved in a second solvent 

. provided that the total solids in the composition is less than or equal to 1 0 weight %, and the weight ratio 
of the binder to the complex is at least 1 :1 . 

2. The coating composition as claimed in claim 1 wherein the total solids in the composition is from 0.1 to 6 weight %. 

3. The coating composition as claimed in either claim 1 or 2 wherein the weight ratio of the binder to the complex is 
from 10:1 to 99:1. 

4. The coating composition as claimed in any of claims 1 to 3 wherein the weght ratio of the second solvent to the first 
solvent is at least 5:1. 

5. The coating composition as claimed in claim 4 wherein the weight ratio of the second solvent to the first solvent is 
from 7:1 to 19:1. 

6. The coating composition as claimed in any of claims 1 to 5 wherein the first solvent is dimethylsulfoxide. a y-buty- 
rolactone/lower alcohol blend, a propylene carbonate/lower alcohol blend, an ethylene carbonate/lower alcohol 
blend, a propylene cariDonate/ethylene caitonate/lower alcohol blend N-methylpyrrolidone, or a mixture thereof, 
and 

the second solvent is water, dichloromethane or other chlorinated solvent, a lower alcohol, acetone, methy- 
lacetoacetate, glycol ether, or a mixture thereof. 

7. The coating composition as claimed in any of claims 1 to 6 wherein the first and second solvents are the sama 
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The coating composition as claimed in any of claims 1 to 7 wherein the film-forming binder is a methyl methacrylate 
polymer, an ethyl methacrylate polymer, polyvinyl acetate, a styrene-olefin copolymer, a polyurethane, polyvinyl for- 
mal, polyvinyl butyral. polycarbonate, a cellulose ester, a cellulose ether, an acrylamide polymer, a fluorinated vinyl 
ether- P«>lynieir, a vinyl pyrrolidone polymer, a n ionic polyester, an io nic a crylonitri le-vin yliden e chloride polym er, 
methylcellulose. cellulose nitrate, gelatin, a gelatin derivative, a polysaccharide or a gelatin-like synthetic polymer, 
and . 

the binder is present in an amount of up to 5 weight %. 

The coating composition as claimed in any of claims 1 to 8 wherein the polyaniline has a number average molecular 
weight of at least 1000 daltons, and is prepared by polymerizing an aniline having the structure I: 




wherein R is the same or different at each occurrence and is an alky! group, an alkenyl group, an alkoxy group, a 
cydoaikyl group, a cycloalkenyl group, an alkanpyl group, an alkylthio group, an aryloxy group, an alkylthioalkyl 
group, an alkylaryl group, an arylalkyi group, an alkylsulfinyl group, an alkoxyalkyi group, an alkylsulfonyl group, an 
aryl group, an arylthio group, an arylsulfinyl group, an alkoxycarbonyl group, an aryloxycarbonyl group, an arylsul- 
fonyl group, cariDOxy. halo or cyano, or any two R groups, taken together, are an alkylene group or alkenylene group 
completing a 3- to 7-membered aromatic or alicyclic ring fused to the central ring of stmcture I, and having cart>on, 
nitrogen, sulfur or oxygen atoms or a sulfinyl group, 

m is an integer of from 1 to 5, and 

n is an integer of from 0 to 4, provided that the sum of m and n is 5, and 
the protonic acid has any of structures II: 

III: 




wherein A is sulfonic acid, 

R^ Is an alky! groi^D, an alkenyl group, an alkoxy group, a cycioalkyi group, a cycloalkenyl group, an alkanoyi 
group, an alkylthio group, an aryloxy group, an alkylthioalkyl group, an alkylaryl group, an arylalkyi group, an 
alkylsulfinyl group, an alkoxyalkyi group, an alkylsulfonyl group, an aryl group, an arylthio group, an arylsulfinyl 
group, an alkoxycart)onyl group, an aryloxycarbonyl group, an arylsulfonyl group, carboxy, halo or cyano, or a 
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3- to 7-nnen*ered heterocyclic ring having cartx)n, nitrogen, sulfur or oxygen atoms, 
R* is an alkylene group of 1 to 10 carbon atoms, 

is the same or different at each occurrence and is an alkyl group, an all^enyl group, an alkoxy group, a 
cycloalkyi group, a cycloaikenyl group, an alkanoyi group, an alkyithio group, an.aryloxy group, an alkythioalkyi- ^ 
group, an alkylaryl group, an arylalkyi group, an alkylsutfinyl group, an aikoxyaikyl group, an alkylsulfonyl group, 
an aryl group, an arylthio group, an arylsulf inyl group, an aikoxycarlx)nyl group, an aryloxycarbonyl group, an 
arylsulfonyl group, carboxy, halo, oxo or cyano, or R^ is a divalent aliphatic group bonded to two different, non- 
adjacent cartxjn atoms of the central ring to form an aromatic or alicyclic ring fused to the central ring of struc- 
ture III or IV, and having cart>on, nitrogen, sulfur or oxygen atoms or a sulfinyi group, 
p is an integer of from 1 to 5, 

q is an integer of from 0 to 4, provided that the sum of p and q is 5, and 
tisOorl. 

10. The coating composition as claimed in any of claims 1 to 9 wherein the protonic acid is hexanesulfonic acid, 
octanesulfonic acid, 4-dodecylbenzenesulfonic acid, 10-canphorsulfonic acid, ethylbenzenesulfonic acid, B-tolue- 
nesulfonic acid, o-anisidine-5-sulfonic acid, p-chlorobenzenesulfonic acid, hydroxybenzenesulfonic acid, trichlo- 
rbbenzenesulfonic acid. 2-hydroxy-4-methoxybenzophenonesuIfonic add, 4-nitrotoluene-2-sulfonic add. 
dinonylnaphthalenesulfonic acid, 4-morpholineethanesulfonic acid, methanesulfonic acid, ethanesulfonic add. trif- 
luoromethanesulfonic acid, CsF-iy-suIfonic acid. 3-hydrQxypropanesulfonic acid, dioctylsulfosuccinate, 3-pyridi- 
nesulfbnic acid or p-polystyrenesulfbnic add. 

11 . The coaSng composit'on as claimed in any of claims 1 to 10 wherein the protonic acid is 10-camphorsulfonic add, 
the first solvent is dimethylsulfoxide, the second solvent is dichloromethane, and the film-forming binder is pdyme- 
thyl methacrylate. 

V 

12. The coating composition as claimed 1n any of claims 1 to 1 1 further comprising uniformly dispersed ferromagnetic 
particles in an amount of up to 5% solids. 

13. The coating composition as claimed in claim 12 wherein the ferromagnetic partldes are cobalt doped y-iron oxide 
partides. 

14. An electrically conductive element comprising a support and having thereon in at least one region, an electrically 
conductive layer formed from application of the electrically conductive coating composition as claimed In any of 
claims 1 to 13. the electrically conductive layer being present on the support at a dry coverage of at least 150 
mg/m^. 

15. The element as claimed in claim 14 having applied over the electrically conductive layer, a magnetic recording 
layer. 

16- The element as claimed in daim 14 having between the support and the electrically conductive layer, a magnetic 
recording layer. 

17, The element as claimed in claim 14 wherein the electrically conductive layer also comprises feaomagnetic parti- 
cles. 

18. The element as claimed in any of claims 14 to 17 further comprising one or more imaging layers on the same side 
of the support as the electrically conductive layer. 

19- The element as daimed in any of claims 14 to 17 further comprising one or more imaging layers on the opposite 
side of the support as the electrically conductive layer. 

20. The element as claimed in any of claims 14 to 19 comprising one or nnore photographic silver halide emulsion lay- 
ers. 

21 . The element as claimed in any of claims 14 to 20 which is a color photographic film having a support composed of 
polyethylene terephthalate or polyethylene naphthalate. the protonic acid is 10-canrphorsulfonic ackJ, the organic 
solvent is dimethylsulfoxide. the second solvent Is dichloromethane. the film-forming binder Is polymethyl methacr- 
ylate. 



